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The center of global container traffic has been shifted from the Europe and 
the U.S.A. to the region of Northeast Asia, which mainly includes China, 
Japan and Korea. How to survive in the fiercest competitive environment and 
to optimize the logistics network in the region of Northeast Asia is becoming 
a hot topic in both business and academic area. This paper proposes a scheme 
to estimate the technical efficiency of Northeast Asian seaports as performa-
nce measure by radial and non-radial approach of Data Envelopment Analy-
sis (DEA). The outcome reveals that three Chinese seaports (Shanghai, 
Tianjin and Dalian) as well as three Korean seaports (Busan, Gwangyang, 
and Incheon) can be considered as efficient ones. Moreover, the paper also 
attemps to search for benchmark ports, and Shanghai and Busan are the 
identification of the benchmark seaports in Northeast Asia. The result of 
technical efficiency estimation shows that there exists a substantial opportu-
nity for improvement in technical efficiency of seaports and also the hetero-
geneity in the technical efficiency among seaports in Northeast Asia. 
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I. Introduction
The Chinese government is keen on making application of the nation’s geoeconomic 
edge, and the well-developed logistics networks that bridge China, Korea, Japan, and 
other countries as the economic engines for the next generation. China seeks to play a 
role as the main logistics hub of the Asian-Pacific economy, and take the initiative in the 
region’s economic evolution. To achieve this goal, the government plans to transform 
China’s major ports from simple transit centers to the value-added international logistics 
centers, and further promote those ports as intermediary junctions between the continent 
and the sea.
However, because of the new construction of deep seaport in Korea, and the develop-
ment project for super mega hub ports in Japan, the positions of Chinese seaports, such 
as Shanghai port and Qingdao port, are seriously challenged. Under these circum-
stances, Chinese port authorities should make great efforts to improve services such as 
port facilities, cost reduction and increasing competition to preoccupy rapidly improv-
ing sea borne cargo traffic, especially cargo traffic from Korea and Japan through the 
increase of port competitiveness.
In order to support trade-oriented economic development, seaport authorities have 
increasingly been under pressure to improve the seaport efficiency by ensuring that 
seaport services are provided on an internationally competitive basis. Seaports form a 
vital link in the overall trading chain or supply chain, and consequently, seaport 
efficiency is an important contributor to a nation’s international competitiveness. Thus 
monitoring and comparing one port with other ports in terms of the performance effi-
ciency has become an essential part of many countries’ microeconomic reform 
programs.
The purpose of this paper is to accurately evaluate the seaports’ performance of the  
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northeast Asia and identify the best performers for reasonable performance management 
and compensation.  Moreover, it is also important to examine the factors which affect 
the performance in that they make the performance management of seaports.  This paper 
concentrates on the evaluation of technical efficiency for seaports and the identification 
of datum performers (benchmarks). 
Farrell1 initially claimed that evaluation of efficiency is useful for decision making 
units (DMUs) because it provides information on how much a DMU can decrease input 
without decreasing output (with keeping current output).  Equivalently, technically 
inefficient DMUs can be brought towards efficiency by cutting down overused inputs.  
Football players (DMUs) can also reduce the overused inputs (Bad performance) and 
team management evaluates players reasonably through the evaluation of technical 
efficiency.  DEA-based benchmarking approach is summarized by Athanassopoulos and 
Ballantine.2 They propose a benchmarking scheme employing general performance 
measure, the relative distance analysis, and frequency used as comparators analysis as 
well as efficiency scores estimated by DEA.  
While using DEA model for measuring efficiency of seaport, which dealt with 
productivity and efficiency of seaports, have been vividly published during the recent 
ten years3, no applications of DEA and corresponding analyses to the seaports of North-
east Asia are found.  The objectives of this paper are to determine individual-level 
technical efficiency using both radial and nonradial measure for these seaports, to calcu-
late the degree of input overuse, and to identify the benchmark seaports.
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II. Theoretical Backgrounds (Approach)
The production frontier is defined as follows.4  
                                           (1)  
where P(x) describes the sets of all output vectors that can be produced with each 
input vector x, and L(y) describes the sets of all input vectors that can produce each 
output vector, y.  This production frontier provides the upper bound of production possi-
bilities with a given input vector and the lower bound of inputs to produce a given 
output vector.
  Technical efficiency is defined as follows: if the current technique is replaced with 
the one producing the most in its particular environment, how much less inputs could be 
used (input-oriented definition), or if only the current technique is replaced with the one 
producing the most in its particular environment, how much more could be produced 
(output-oriented definition).5 The input-oriented definition can be expressed as a functi-
on, 
                                            (2)
where λ can be a scalar or a vector.  If the efficiency score, λ , is a scalar, it is the 
radial measure that leads firms to adjust all inputs equi-proportionally.  If  λ is a vector, 
it is the nonradial measure that leads firms to adjust each input differently.  The details 
on radial measure and nonradial measure are below. The output-oriented definition can 
be expressed as a function, 
                                            (3)
where η can be a scalar and a vector.  If the efficiency score, η , is a scalar it is the 
radial measure that leads firms to adjust their outputs equi-proportionally while if  η is 
a vector it is nonradial measure that leads firms to adjust each output differently.6 
Figure 1 illustrates input-based technical efficiency (TEI) and output-based technical         
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7 Farrell (1957), pp.253-290.
8 Charnes et al. (1978).
efficiency (TEO) from the perspective of an input-input space, an input-output space, 
and an output-output space.  
 <Figure 1> Production frontiers and technical efficiencies
  
As illustrated in Figure 1, input-based technical efficiency is measured conditional on 
output levels and output-based technical efficiency is measured conditional on input 
levels. 
  The implications of this problem for the measurement of technical efficiency were 
recognized7 and though they focused only on radial technical adjustment.8  The input 
based measures of Farrell and of Russell efficiency can be defined following these 
studies for a set of N firms indexed n=1,...,N, each with access to the same technology 
that transforms a vector of variable inputs                  into a vector of outputs                .  
More generally, for the set of firms, we can define a (            ) input matrix, X, and
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where                              is the intensity vector with elements indicate the intensity 
with which each firm's production plan is taken into account in the construction of the 
technology frontier.10  By equation (4), firm n’s production plan (            ) belongs to the 
production possibilities set, if and only if,                   . Input-based radial technical 
efficiency (RTE) and input-based nonradial technical efficiency (NRTE) are for the firm 
n0 as follows.
Objective function (RTE)
       
Subject to,
                                         , i = 1, 2, …, I : Variable inputs                                              (5)
 
                                      , j = 1, 2, …, J : Outputs
 
                         : Variable returns to scale            
 
Objective function (NRTE)
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a (             ) output matrix, Y.  Suppose the technology satisfies the augmented regularity 
conditions adopted.9  The production possibilities set for firm n0 which is evaluated firm 
can be written as the following piece-wise linear technology:
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Subject to,
Equation (5) and (6) illustrates the DEA models developed by Banker et al. (1984), 
assuming the variable returns to scale (VRS) which implies that outputs (returns to 
scale) is changed in the amount of inputs used.  Thus, the models are obtained only by 
adding the constraints                 . The first panel of Figure 2 illustrates the shape of pro-
duction frontier under VRS and constant returns to scale (CRS) where outputs are 
constant in the amount of inputs used.11  Moreover, the above models are input-oriented 
models because they measure the efficiency of input factors when the given outputs are 
produced. In fact, output-oriented DEA model exist that measure the technical 
efficiency of outputs when the given inputs are used for production.  As seen in equation 
(5) and (6), DEA is a linear programming-based model without any assumptions about 
the functional form of the production function.  Constraints set estimates the piecewise 
linear production frontier determining the optimal weights for each firm, and the objec-
tive function measures technical efficiency.
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                    <Figure 2> Production frontiers in DEA
In DEA, technical efficiency can be defined in two ways: radial measure and non 
radial measure. Farrell's measures of technical efficiency provide insights for total 
factor employment and propose equi-proportional reduction of all factors necessary to 
attain technical efficiency.12  
While this type of measure of technical efficiency may be useful for some questions, 
the differential impacts of inputs on the performance would seem to beg for a measure 
of input specific potential for the adjustment of input use.  The former is called radial 
technical efficiency and the latter is called nonradial technical efficiency or Russell's 
measure.  As noted, radial measure adjusts the input vector back toward the origin.  This 
radial efficient point (AR in panel b) in the second panel of Figure 2 belongs to the weak 
efficient point in that it may give an inefficient firm less efficient point than nonradial 
measure.13  In the second panel of Figure 2, although ANR is more efficient point than 
AR by ANR-AR, radial measure points out AR as the efficient point instead of ANR.  
Because of this inefficiency of RTE, it may seem to look incomplete.  However, RTE 
is meaningful in that it can give us the information on overall technical efficiency of 
firms.  In order to obtain a more complete (or at least not weak) measure,   it is possible
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 to think about a nonradial measure of technical efficiency.  Each input factor is reduced 
in a different proportion.  In the second panel of Figure 2, the adjustment from A to ANR 
represents the nonradial adjustment.  These nonradial technically efficient points (ANR) 
belong to the efficiency points in that they do not have any slack. NRTE is also mean- 
ingful in that it can give us insight into the source of the technical inefficiency of firms.  
This nonradial technical efficiency measure collapses to the radial measure when all 
technical efficiencies for all inputs are equal to the radial technical efficiency.  Since 
nonradial measures can shrink an input vector at least as the radial measure can, the 
relationship between them is                                        . The models for both radial mea-
sures and nonradial measures are in equation (5) and (6). This distinction between radial 
measure and nonradial measure comes from the piecewise linear property of the produc-
tion frontier estimated by DEA. Athanassopoulos and Ballantine suggest that more 
thorough analyses based on the properties of efficient firms are needed to find the 
benchmarks based on DEA results.14  They suggest three further analyses to comple-
ment the technical efficiency: 1) general performances such as profitability ratios for 
firms and batting average for baseball players, 2) the relative distance of the firm from 
the efficient frontier, and 3) the frequency that a firm is used as comparators. The 
relative distance from the efficient frontier analysis uses the formulation of Anderson 
and Peterson as in equation (7).15
Subject to,
                                         , i = 1, 2, …, I : Variable inputs                                             (7)
 
                                      , j = 1, 2, …, J : Outputs
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The intuition of this formulation is to compute the technical efficiency of a set of 
firms excluding the firm being evaluated.  This measure is used for determining the 
similarity of an efficient firm to the other efficient firms within a group.  If the efficient 
firm is similar to other efficient firms, the distance of the firm from the efficient frontier 
excluding it would be short and otherwise, the distance would be relatively long.  The 
efficient firms have the distance of greater than one and the efficient firms whose 
relative distance from the efficient frontier is close to one become candidates for bench-
marks because as noted, they are similar to other efficient firms.
Another criteria for identify benchmark firms to complement the relative distance 
measure is the frequency of an efficient firm used as a comparator for other firms within 
a group.16  The frequency of an efficient firm used as a comparator in the evaluation of 
other firms should be considered.  This frequency is a measure of the similarity of a firm 
to other firms including both other efficient firms and inefficient firms. If the frequency 
of a firm is high, the firm participates in the evaluation of other firms more often, which 
means that the firm is similar to other firms. This frequency is measured by counting the 
number of intensity values of firms (zn, n=1,…, N, where n is the index of firms, see 
equation (5), (6)) that are greater than zero for each efficient firm in each group.  When 
the efficiency of firm n is estimated, constraints in DEA form a piecewise linear produc- 
production frontier with the data of firms in a group determining the optimal intensity of 
each firm.  This intensity value can be used as an indicator of whether an efficient firm 
participates in evaluating the technical efficiency of other firms. 
III. Data and Empirical Issues
The data on performing records of these seaports in 2007 for efficiency evaluation and 
the benchmark analysis were collected from the Statistical Year Book of  Maritime Af-
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fairs and Fisheries and customs website of Korea and Japan.  The evaluated seaports are 
the top largest ports in their own countries, because it is easy to define input factors and 
output factors of them.  All seaports are totally twelve including China’s four, Korea’s 
three and Japan’s five.
The model for efficiency evaluation is specified with only one output category (TEU 
throughputs) and four variable input factors (Import/Export by customs, GDP by 
regions, Berth length, and Crane numbers).   Table 1 illustrates the raw data and the 
summary of data for efficiency evaluation and benchmark analysis.
<Table 1> Data for efficiency evaluation and benchmark analysis  
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  Import/Export by customs 
(1000USD) 
GDP by regions 
(100 million USD) 
Berth Length  
(m) 
Crane 
numbers 
Thoughputs 
(TEU) 
Qingdao 148,906,000  369.82   34   
Tianjin 128,721,000  71.69   20   
Dalian 68,565,000  157.45   13   
Shanghai 520,643,000  171.44   63   
Busan 132,086,950  55.51   15   
Gwangyang 77,780,442  22.16   28   
Incheon 134,062,101  47.46   6   
Tokyo 372,271,400  834.28   29   
Yokohama 260,972,530  294.72   33   
Kobe 189,558,730  187.72   80   
Osaka 188,149,730  368.51   17   
Nagoya 288,830,490  308.51   24   
Minimum 68,565,000  22.16   6   
Maximum 520,643,000  834.28   80   
Mean 209,212,281  240.77   30   
Standard 
Deviation 132,182,034  224.69   21   
G
3,400 
18,162 
2,335 
9,160 
2,000 
5,100 
600 
6,934 
6,040 
8,510 
3,315 
2,275 
600 
18,162 
5,653 
4,776 
946.20 
710.00 
381.00
2,615.00 
1,327.00 
213.89 
166.40 
364.19 
356.42 
257.41 
237.91 
304.03 
166.40 
2,615.00 
656.62 
708.28 
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IV. Results and Discussions
Technical efficiency for 12 seaports in Northeast Asia with 2007 annual data is 
estimated.  Table 2 shows the outcomes of technical efficiency estimated for them.
Tianjin port’s radial efficiency score and all nonradial efficiency scores are 1.0000, 
which implies that it is efficient and it does not need to reduce any inputs given current 
level of outputs.  The result for Dalian port, Shanghai port, Busan port, Gwangyang port 
and Incheon port are interpreted in the same way as the result for Tianjin port. It is 
obvious that there are totally six seaports can be considered as the efficient performers. 
Qingdao port’s radial efficiency score is 0.7673, which implies that Qingdao port 
should reduce all inputs by 23.27% in order to be technically efficient keeping current 
outputs. However, nonradial measure gives us different insight to Qingdao port.  Qing-
dao port should reduce the import/export by customs by 23.77%, the GDP by region by 
88.07%, the berth length by 9.98%, and the crane number by 4.1% in order to be techni-
cally efficient.  The results for Tokyo port, Yokohama port, Kobe port, Osaka port and 
Nagoya port are interpreted in the same way as the results for Qingdao port.  Moreover, 
the results in Table 2 illustrate the heterogeneity in inefficiency among seaports.  Each 
seaport has different radial efficiency score and different nonradially inefficient inputs.
This heterogeneity reflects the real situation where each seaport is good at different 
aspect in that some seaports have more cranes to load/unload but less throughputs than 
other seaports etc. and as the result, the evaluation of seaports’ performance should be 
implemented regarding this heterogeneity between seaports.
The summary of technical efficiency evaluation also shows the heterogeneity in 
efficiency of seaports, substantial opportunity for improvement, and the possibility for 
use of multiple criteria for performance evaluation of seaports (Table 3).
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<Table 2>  Outcomes for technical efficiency of seaports
  
The heterogeneity is shown by the results that the ranges of efficiency are 59.03% for 
radial measure, 77.14% for nonradial measure of the import/export by customs, 98.80% 
for nonradial measure of the GDP by region, 41.49% for nonradial measure of the berth 
length, and 64.66% for nonradial measure of the crane numbers.  Moreover, the result 
that the percent of efficient seaports ranges from 50.00% to 58.33% also shows the 
heterogeneity.  For improvement opportunity, seaports should improve their efficiency 
by 50.00%, 50.00%, 50.00%, 50.00%, 41.67%, and 41.67% averagely for radial 
efficiency and nonradial efficiency for input factors, respectively.  From the results from 
nonradial measure, we found that seaport authorities can evaluate seaports’ performance 
with multiple criteria.  
Although a seaport has a good output, if it has too big numbers for input factors, its 
performance should not be evaluated as ‘good’.
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Ports Radial Efficiency  
Nonradial Efficiency  
Import/Export  
by Customs 
GDP by  
regions 
Berth  
Length 
Crane  
numbers 
Qingdao 0.7673  0.7623  0.1193  0.9002  0.9590  
Tianjin 1.0000  1.0000  1.0000  1.0000  1.0000  
Dalian 1.0000  1.0000  1.0000  1.0000  1.0000  
Shanghai 1.0000  1.0000  1.0000  1.0000  1.0000  
Busan 1.0000  1.0000  1.0000  1.0000  1.0000  
Gwangyang  1.0000  1.0000  1.0000  1.0000  1.0000  
Incheon 1.0000  1.0000  1.0000  1.0000  1.0000  
Tokyo 0.4456  0.2286  0.0320  0.6751  0.9981  
Yokohama  0.4097  0.3247  0.0897  0.7787  0.8756  
Kobe 0.4191  0.4215  0.1250  0.5851  0.3534  
Osaka 0.7255  0.3775  0.3294  0.9268  1.0000  
Nagoya 0.5658  0.3973  0.1287  1.0000  0.8268  
G
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Summaries Radial measure 
Nonradial efficiency 
Import/Export  
by Customs 
GDP by  
regions 
Berth  
Length 
Crane  
numbers  
Average efficiency (%) 77.77% 70.93% 56.87% 90.55% 91.77%  
# of efficient seaports 6 6 6 7 7  
% of efficient seaports 50.00% 50.00% 50.00% 58.33% 58.33%  
Minimum efficiency 
(%) 40.97% 22.86% 3.20% 58.51% 35.34%  
G
Benchmark 
Ports 
Efficiency score 
Relative 
distance 
Comparator 
frequency Radial Import/Export by Customs 
GDP by 
regions 
Berth 
Length 
Crane 
numbers 
Shanghai 1.0000 1.0000 1.0000 1.0000 1.0000 1.09478 2 
Busan 1.0000 1.0000 1.0000 1.0000 1.0000 1.32415 7 
G
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<Table 3> Summary of results from technical efficiency evaluation of seaports
DEA-based benchmarking analysis result is shown in Table 4.  The main contribution 
of the DEA-based benchmarking analysis is that the results can be utilized as a basis for 
performance management in individual level.  Two seaports are selected as benchmarks.  
Both benchmark seaports are both radially and nonradially efficient.  For the relative 
distance and frequency used as comparators, since those of both benchmark seaports are 
ranked to top 2, they are qualified to be benchmark.  In summary, Shanghai port and 
Busan port are the seaports with different but satisfactory performance characteristics 
which make them eligible to be used as benchmarks for inefficient seaports.  These two 
ports make up of a set of datum ports (Benchmarks) for similar inefficient port
<Table 4> Summary of DEA-based benchmark analysis
Table 5 shows us the general performance of benchmark seaports.  Averagely, they 
have 1971 TEU as throughputs.  Compared with the averages of all seaports in Table 1
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(656.62 TEU), the performance of benchmark seaports may be considered to be excel-
lent.       
<Table 5>  Performance of benchmark seaports
V. Conclusion
This paper deals with topic how to evaluate and manage the performance of seaports 
in Northeast Asia.  Technical efficiency based on production function of seaports was 
chosen as the performance measure and DEA was implemented with 2007 data in order 
to estimate technical efficiency. A benchmarking scheme combining technical efficien-
cy scores, relative distance analysis, and frequency used as comparators is implemented 
for performance management in individual level.  As the result, it was possible to 
confirm some meaningful findings and get some important intuition. 
Generally this paper makes some conclusions as follows:
First, seaports show the substantial heterogeneity in technical efficiency.  Among 
twelve seaports, six seaports (Shanghai, Tianjian, Dalian, Busan, Gwangyang, and 
Incheon) are efficient, while other seaports are inefficient by considerable amount.  
Second, seaports show also the different pattern in technical inefficiency. Concerning 
on the four input factors, the seaports of Qingdao, Tokyo, Yokohama, Nagoya, Kobe and 
Osaka are inefficient in the import/export by customs, the seaports of Qingdao, Tokyo, 
Yokohama, Nagoya and Kobe are inefficient in the crane numbers, and some seaports 
are inefficient in other input factors, which also implies that seaport authority can eval-
Benchmark 
port 
Import/Export  
by Customs 
GDP by  
regions 
Berth  
Length 
Crane  
numbers Throughputs 
Shanghai 520,643,000 171.44 9,160 63 2,615.00 
Busan 132,086,950  55.51  2,000  15 1,327.00  
Mean 326,364,975 113.48 5,580 39 1,971.00 
* Assistant Professor, Ocean University of China (OUC), China; E-mail: bjouc@yahoo.cn
** Corresponding author: Assistant Professor, Ocean University of China (OUC), China; E-mail: mclijian@hotmail.com
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uate seaports in multiple dimensions. Third, benchmark seaports have performance 
enough to be regarded as best performers by experts as well as they are similar to other 
seaports but have different performance from other inefficient seaports. According to 
the result, Shanghai and Busan can be considered as benchmark seaports, which can 
play an instruction role on other inefficient seaports. 
Fourth, in order to manage technical efficiency of seaports, port authority and market 
size must be managed. Currently it is obvious that the center of global container traffic 
has been shifted from the Europe and the U.S.A. to the region of Northeast Asia. With 
the more and more transportation and exchange of goods in the area of Northeast Asia, 
port authorities in this area should recognize the risk of market loss with the inefficient 
performance and poor management. In order to increase potential market share, port 
authorities should keep on examining the technical efficiency of their ports to make sure 
their efficient performance.
Finally, seaports in the area of Northeast Asia should be built as appropriate condi-
tions. For example, as the result indicates, Qingdao port performs inefficiently in the 
input factors of berth length and crane number, which means that it is advisable for 
Qingdao port not to expand infrastructure investment because the more it invests, the 
more inefficient it performs. Therefore, the result of non-radial approach could provide 
an intuitive and insightful view on how to get appropriate condition of each port.
The main contributions of this paper are the development of a systematic approach to 
evaluate the performance of seaports in multiple dimensions, to confirm the existence of 
heterogeneity in performance among seaports, and to manage the performance of 
seaports in individual dimension and integrated dimension.  The approach of this paper 
can be applied to the performance evaluation and management of seaports in other 
region without any problem although this paper used in the area of Northeast Asia.*
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